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Brief Summary Text (19) : 

wherein SIG represents an amino acid sequence of a signal peptide derived from a 
subtilisin, PRO represents an amino acid sequence of a protein to be expressed. 
Preferably, SIG is the amino acid sequence represented by the SEQ ID NO: 3 of the 
Sequence Listing. Preferably, PRO is an amino acid sequence of a hyperthermos table 
protease derived from a hyperthermophile, more preferably, an amino acid sequence 
of a protease derived from Pyrococcus f uriosus . 

Detailed Description Text (2): 

The hyperthermostable protease according to the present invention includes 
proteases from various hyperthermophiles . For example, WO 95/34 645 describes 
proteases from Pyrococcus furiosus and Thermococcus celer. 
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□ 1: Curr Biol. 1996 Jun l;6(6):739-49. 



A hyperthermostable protease of the subtilisin family bound 
to the surface layer of the archaeon Staphylothermus 



mannus. 



Mayr J , Lupas A , KeMermann J , Eckerskorn C , 
Baumeister W, Peters J . 

Max-Planck-Institut fur Biochemie, Martinsried, Germany. 

BACKGROUND: Staphylothermus marinus, an archaeon 
isolated from a geothermally heated marine environment, is a 
peptide-fermenting, sulphur-dependent organism with an 
optimum growth temperature of 92 degrees C. It forms 
grapes of cells, which adhere to each other and to sulphur 
granules via their surface layer. This glycoprotein layer forms 
a canopy which is held at a distance of about 70 nm from the 
cell membrane by membrane-anchored stalks, thereby 
enclosing a 'quasi-periplasmic space'. Two copies of a globular 
protease, which probably serves an exodigestive function 
related to the organism's energy metabolism, are attached 
near the middle of each stalk. RESULTS: We have purified and 
characterized this protease with regard to its enzymatic 
properties and thermostability, and have sequenced its gene 
using an approach based entirely on the polymerase chain 
reaction. The precursor form is 1345 amino acids long; 
between residues 64-741, it contains a domain with clear 
homology to subtilisins, which is interrupted by two large 
insertions. The enzyme has a broad substrate specificity and a 
pH optimum of 9.0. It is fully stable from pH 3.2 to 12.7 and 
is resistant to heat-inactivation to 95 degrees C in the free 
. form and to 125 degrees C in the stalk-bound form. 
CONCLUSIONS: This protease is one of the most stable 
proteases known. Its high resistance towards denaturing 
agents makes it an interesting target for practical 
applications. Despite its large size, it is clearly a member of 
the subtilisin family and represents the only known enzyme 
that is a stoichiometric S-layer component. 
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This is a divisional of application Ser. No. 09/841,553, filed Apr. 24, 2001, 
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NUMBER OF CLAIMS: 6 32 Figure (s) . 

DESCRIPTION OF FIGURES: 
FIG. 1 is a figure showing a restriction map of a DNA fragment derived from 
***Pyrococcus*** furiosus contained in the plasmid pTPR12 and the plasmid 
pUBP13. 

FIG. 2 is a figure showing a design of the oligonucleotide PR01F (SEQ ID NO: 9) 
based on nucleotides 628 to 669 of SEQ ID NO: 7 which encode residues 169 to 182 
Of SEQ ID NO: 8. 

FIG. 3 is a figure showing a design of the oligonucleotide PR02F (SEQ ID NO: 10) 
based on nucleotides 1210 to 1251 of SEQ ID NO: 7 which encode residues 363 to 
376 of SEQ ID NO:8 and PRO-2R (SEQ ID NO:ll). 

FIG. 4 is a figure showing a design of the oligonucleotide PR04R (SEQ ID NO: 12) 
based on nucleotides 1882 to 1923 of SEQ ID NO: 7 which encode residues 587 to 
600 Of SEQ ID NO: 8. 

FIG. 5 is a restriction map of the plasmid p2F-4R. 
FIG. 6 is a restriction map of the plasmid pTC3 . 
FIG. 7 is a restriction map of the plasmid pTCS6. 
FIG. 8 is a restriction map of the plasmid pTC4 . 



FIG. 9 is a figure showing the procedures for constructing the plasmid pSTC3 . 
FIG. 10 is a restriction map of the plasmid pSTC3 . 

FIG. 11 is a figure comparing the amino acid sequences of the various proteases 
of PFUL (SEQ ID N0:8), TCES (SEQ ID NO:l) and Subtilisin (SEQ ID NO:45). 
FIG. 12 is a continuation of FIG. 11. 

FIG. 13 is a figure showing a restriction map around the protease PFUS gene on 

the Pyrococcus furiosus chromosomal DNA. 

FIG. 14 is a restriction map of the plasmid pSPTl. 

15 is a restriction map of the plasmid pSNPl. 

16 is a restriction map of the plasmid pPSl. 

17 is a restriction map of the plasmid pNAPSl. 

18 is a figure showing the optimum temperature for the enzyme preparation 
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FIG. 
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FIG. 
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figure showing the optimum pH for the enzyme preparation TC-3. 
figure showing the optimum pH for the enzyme preparation NP-1. 
figure showing the optimum pH for the enzyme preparation NAPS-1. 
figure showing the thermostability of the enzyme preparation TC-3. 
figure showing the thermostability of the enzyme preparation NP-1. 
figure showing the thermostability of the activated enzyme 
preparation NP-1. 

FIG. 26 is a figure showing the thermostability of the enzyme preparation 
NAPS-1. 

FIG. 27 is a. figure showing the pH-stability of the enzyme preparation NP-1. 
FIG. 2 8 is a figure showing the stability. of the enzyme preparation NP-1 in the 
presence of SDS . 

FIG. 29 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of SDS. 

FIG. 30 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of acetonitrile . 

FIG. 31 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of urea. 

FIG. 32 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of guanidine hydrochloride. 
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There are provided hyperthermos table proteases having 

an amino acid sequences represented by SEQ ID Nos . 1, 3 and 5 of the 

Sequence Listing or functional equivalents thereof and 

hyperthermos table protease genes encoding those 

hyperthermos table protease. There is also disclosed a 

process for preparation of a hyperthermos table protease 

by culturing a transformant containing the gene. 
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NUMBER OF CLAIMS: 10 32 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1 is a figure showing a restriction map of a DNA fragment derived from 
***Pyrococcus*** furiosus contained in the plasmid pTPR12 and the plasmid 
pUBP13 . 

a figure showing a design of the oligonucleotide PROIF. 
a figure showing a design of the oligonucleotide PR02F and PRO-2R. 
s figure showing a design of the oligonucleotide PR04R. 
a restriction map of the plasmid p2F-4R. 
a restriction map of the plasmid pTC3 . 
a restriction map of the plasmid pTCS6. 
a restriction map of the plasmid pTC4 . 

a figure showing the procedures for constructing the plasmid pSTC3 , 
10 is a restriction map of the plasmid pSTC3 . 
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11 is s figure comparing the amino acid sequences of the various 



a continuation of FIG. 11. 

a figure showing a restriction map around the protease PFUS gene on 
the Pyrococcus furiosus chromosomal DNA. 

FIG. 14 is a restriction map of the plasmid pSPTl. 

15 is a restriction map of the plasmid pSNPl. 

16 is a restriction map of the plasmid pPSl. 

17 is a restriction map of the plasmid pNAPSl. 
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is a figure showing the optimum pH for the enzyme preparation TC-3. 
is a figure showing the optimum pH for the enzyme preparation NP-1. 
is a figure showing the optimum pH for the enzyme preparation NAPS-1. 
is a figure showing the thermostability of the enzyme preparation TC-3. 
24 is a figure showing the thermostability of the enzyme preparation NP-1. 
2 5 is a figure showing the thermostability of the activated enzyme 
preparation NP-1. 

FIG. 2 6 is a figure showing the thermostability of the enzyme preparation 
NAPS-1. 

FIG. 27 is a figure showing the pH-stability of the enzyme preparation NP-1. 
FIG. 2 8 is a figure showing the stability of the enzyme preparation NP-1 in the 
presence of SDS . 

FIG. 29 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of SDS. 

FIG. 30 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of acetonitrile . 

FIG. 31 is a figure showing the stability of the enzyme preparation NAPS-1 in 
the presence of urea. 

FIG. 32 is a figure showing the stability of the enzyme preparation NAPS-1 in 



the presence of guanidine hydrochloride. 
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Sequence Listing or functional equivalents thereof and 

hyper thermos table protease genes encoding those 

hyper thermos table protease. There is also disclosed a 

process for preparation of a hyperthermos table protease 

by culturing a transformant containing the gene. 
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AB 



The gene encoding a hyperthermostable protease PFUS is 
isolated from Pyrococcus furiosus strain DSM3638 and 

used for the production of 2 mature forms of protease by expression the gene 
in Bacillus. Mature forms NAPS-1 and SPO-124AC comprised of amino 
acids 133-552 and 133-544 of PFUS, resp., are prepared by transgenic 
Bacillus subtilis strain DB104/pNAPSAC and strain 

DB104/pSPO124AC. Claimed are methods of recombinant production of the 
protease by expression of a chimeric gene that also contains the gene 
encoding the signal peptide of subtilisin. 
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the specification as SEQ . ID. Number 1, or part of the sequence with 
thermostable protease enzyme activity; (b) having the 2835 bp sequence 
given in the specification as SEQ. ID .Number 2; or (c) at least part of its 
sequence (especially the 898 bp sequence given in the specification as SEQ. ID. 
Number 7) is able to hybridise to one of the sequences (I) -(IV): GGWWSDRRTG 
TTRRHGTHGC DGTDMTYGAC ACSGG (I) KSTCACGGAA CTCACGTDGC BGGMACDGTT GC (II) 
ASCMGCAACH GTKCCVGCHA CGTGAGTTCC GTG (III) CHCCGSYVAC RTGBGGAGWD 
GCCATBGAVG TDCC (IV) 

USE - The gene allows recombinant production of a 
hyperthermostable protease (claimed) . 



